Transmit diversity generally requires more than one antenna at the transmitter. However, many wireless devices are limited by size or hardware complexity. Cooperative diversity techniques were proposed to overcome this limitation. Cooperative communication has been widely investigated to improve the performance of wireless communication. Unfortunately, most existing cooperative schemes have the common fault of decreased transmission rate because the destination should receive the decodable compositions of symbols from the source and the relay. In this letter, we propose a new cooperative model that uses spatial phase coding (SPC) for orthogonal frequency division multiple access (OFDMA). This technique is free from the rate-loss and allows seamless cooperative communication while its diversity gain matches that of the conventional multiple antenna technique. The proposed technique is evaluated in terms of bit error rate (BER) and simulation results show that the proposed cooperative scheme approaches the performance of conventional multiple antenna system when the link between users is guaranteed.
Introduction
Data traffic is rapidly increasing. In order to meet the capacity demand, many digital communication systems have been built on orthogonal frequency division multiple access (OFDMA). OFDMA is a combination of OFDM and frequency-division multiple access (FDMA). Since it has all of the advantages of both OFDM and FDMA, OFDMA is regarded as a promising solution for enhancement of the performance of wireless interactive communication [1] , [2] . To provide high reliability in wireless communication, many researchers have developed various multiple antenna techniques. Transmit systems for diversity can be classified into open-loop and closed-loop transmit systems. The open-loop system operates without any feedback information from the receiver and offers diversity gain. The closed-loop system operates with feedback information from a receiver and offers not only diversity gain but also beamforming gain [3] . Its variants include maximum ratio transmission (MRT) and spatial phase coding (SPC). MRT requires full channel information of state through a feedback channel from the re- ceiver. On the other hand, SPC requires very little feedback information [4] . However, general transmit diversity systems using multiple antennas suffer the problems of high cost, size, and the high power consumption of remote units [5] . An attractive solution to these problems is cooperative communication because cooperative communication provides substantial additional diversity. However, most of the introduced cooperative schemes have a common failing, a decrease in the transmission rate, because the destination should receive the decodable compositions of symbols from a source and a relay [6] . Some schemes are proposed to improve transmission rate. One of the schemes improves transmission rate by new symbol structure using STBC base on OFDMA system [9] . In this letter, a new cooperative scheme using OFDMA and SPC scheme is proposed. In [9] , 3 signals that are composed of the original and duplicated signals are transmitted for 4 time slots, but the proposed scheme transmits nearly a signal for 1 time slot by new symbol structure using SPC. The proposed scheme can avoid rate-loss and improve throughput.
Cooperative System Model
The OFDMA system generally consists of N orthogonal subcarriers and M active users as Fig. 1 . Each user accesses a cluster of subcarriers. N is the number of subcarriers. In the OFDMA uplink system, m-th user assigns the subband
where k is a subcarrier index and K = N/M is the number of subcarriers assigned to each user.
The transmitted OFDMA symbol is written as
In this letter, a cooperative OFDMA system is considered in wireless interactive communication, as shown in Fig. 2 . The It is assumed that each channel experiences Rayleigh fading and is independent and identically distributed (i.i.d.) random complex for multipath channel. The system is supposed to the full-duplex channel. Also, the channels are assumed to be constant during one Time slot and a channel condition on communication link of the proposed system is estimated entirely at receiver. Users know the channel state from users to base station by feedback signal. The received symbols are estimated with decode and forward (DF) method [7] .
Proposed Cooperative Scheme
In this section, the proposed cooperative technique is introduced for OFDMA system of wireless interactive communication. In this letter, proposed cooperative scheme avoids a loss of transmission rate by transmitting signal for next time slot in advance through frequency band of other users. First, the users search the best partner among several candidates. Secondly, the selected users transmit an own signal to other user by frequency of cooperated user and to base station by own frequency. Users estimate the received symbol with DF method and base station transmits a feedback information for users. It is assumed that the information is transmitted perfectly and propagation delay time is not considered. Thirdly, the received signal and the own symbol are recomposed with spatial coding scheme. The users transmit the recomposed data signal to base station by own frequency and own data signal to the other user by frequency of the other user. Lastly, the base station receives two independently faded signals and decodes the received signal. Figure 3 shows steps of the proposed cooperative transmission technique.
For easier understanding about the proposed cooperative scheme, a simple cooperation example is provided with 1 bit feedback SPC. At time slot 1, the selected users broadcast the own signal with BPSK modulation. The received signal can be written as 
where X (i) (l) is the l-th transmitted signal of the i-th user and η is a complex Gaussian random variable with zero mean and variance of σ 2 . R (i) (l) is the l-th received signal of the i-th user. The received signal is estimated toX ( j) (l) with DF method. At time slot 2, the each users transmit the own signal X (i) (l + T ) and X ( j) (l + T ) by frequency band of partner. The signals are used to next time slot. At the same time, the estimated signal and the own signal are recomposed with QPSK modulation. The recomposed signals are X (i,ĵ) (l) at i-th user and X (î, j) (l) at j-th user. The recomposed signal is coded with 1 bit feedback SPC and is transmitted to base station by each own frequency band. In the other word, the transmitted signals to base station are transmitted from i-th user by sub-band β i and j-th user by sub-band β j . The base station obtains estimated X (i) (l) and X ( j) (l) as the received data is decoded. At time slot 3, the each users transmit the own signal X (i) (l + 2T ) and X ( j) (l + 2T ) by frequency band of parter. At the same time, the recomposed signal X (i,ĵ) (l + T ) and X (î, j) (l + T ) transmit to base station with 1 bit feedback SPC by own frequency band. The base station obtains estimated X (i) (l + T ) and X ( j) (l + T ) as the received data is decoded. At next time slot, the proposed cooperative scheme proceeds in the same way. At time slot 2, the base station received signal is written as
where N is the complex Gaussian additive noise vector with zero mean and variance of σ 2 . Moreover, H u(i),b is an independent identically distributed (i.i.d.) random complex matrix of channel. P m is defined as pre-coding vector for 1-bit feedback SPC with phase flipping and is provided as follows
The overall transmit power is normalized by the factor 1/ √ 2 because the transmit power is equally allocated affected by the relative angle α n between two channel coefficients. This is shown in Fig. 4 . First, Fig. 4 (a) shows that relative angle is |α n | ≤ π 2 and the channels are superimposed constructively. Secondly, Fig. 4 (b) shows that in case relative angle is π 2 < |α n | ≤ π, the channels superimpose destructively. In this case, the phase of H u(i),b is flipped into H u(i),b e − jπ . Then, the superimposed channel is
Since information about feedback is only the changed state and the unchanged state, the feedback variable is sufficient for one bit. In case of using 2 feedback bits, the spatial phase encoder employs the criterion of (a), (b), (c) and (d).
The base station estimates the received symbol without additional process. The estimated signal is written aŝ
At base station, received signals are decoded in the same way. In Table 1 , the transmission steps of the proposed scheme are presented for easy and rapid understanding. Although the first time slot causes the rate-loss, the rate of the proposed scheme becomes one when l is infinite. Consequently, consecutive relaying is possible with the proposed cooperative scheme.
Simulation Results and Discussions
To simulate the performance of the cooperative OFDMA system, a 7-path Rayleigh fading channel without line of sight (LOS) is considered. The multicarrier modulation is realized by OFDM with 512 subcarriers. The length of the guard interval is 128. Convolution code with rate = 1/2 and the constraint length 7 is applied. The power of the received Table 1 An example of the proposed scheme.
Frequency band
Frequency band for i-th user (β i ) for j-th user (β j ) Time slot i-th user j-th user i-th user j-th user 1 signal in each simulation is normalized to the value of 1. If the cooperative user receives a symbol of the other user completely without error, the diversity gain can be maximized. Therefore, the link quality of the i-th user and the j-th user is an important factor in order to obtain the cooperative diversity. This simulation is considered in inter-user channel condition. Figure 5 shows the BER performance of proposed cooperative diversity technique and multiple antenna techniques using CDD, SPC and MRT with 2 × 1 antennas when the value of SNR D is 0 and 5. The multiple antenna techniques are multi-input single output (MISO) and are fixed because the techniques are not associated with SNR D. SNR D which is the difference between inter-user SNR and uplink SNR is the relative condition of the interusers channel. Cyclic delay diversity (CDD) transmits cyclically delayed signals in the time domain with different time delays through different antennas. When channel coding is applied, CDD obtains higher frequency selectivity and the improvement of error performance [8] . Figure 5 shows that the performance of proposed cooperative scheme is always higher than CDD with 2 × 1 antennas. Although the performance of proposed cooperative technique is lower than the MRT technique, the proposed cooperative scheme requires a small feedback information than the MRT scheme. If the SNR D is guaranteed, the BER performance of the propose scheme is improved. Figure 6 shows a BER performance of the proposed scheme and another cooperative scheme for OFDMA system [9] when the value of SNR D is 0, 5 and 10. A BER performance of the proposed scheme is better than the another cooperative scheme. Figure 7 shows a throughput of the proposed scheme and another cooperative scheme for OFDMA system [9] for the value of SNR D = 10. The calculation of throughput is as follows,
where T throughput is the throughput, R b is the BER, R t is the transmission rate, and L is the bit length per 1 time slot. The transmission rate of the another cooperative scheme is 3/4 and the transmission rate of the proposed scheme is 1. Therefore, throughput of the proposed scheme is higher than the another cooperative scheme.
Conclusion
This letter proposed a cooperative scheme based on SPC for OFDMA systems. Although the proposed scheme requires feedback information, the required information is only 1 bit or 2 bit, and simulations showed that the proposed cooperative scheme has better BER performance and transmission rate than the conventional cooperative scheme. The proposed scheme avoids any drop in the transmission rates. Therefore, it is expected that high performance without transmission loss can be attained in wireless communication system.
